heart, and kidney were 5.2, 3.2, and 2.7, respectively. SNA was reduced to the noise level at the mean aortic pressure of 148, 167 and 173 mm Hg in splenic, cardiac and renal nerves, respectively. Changes of SNA were not identical among the three nerves studied in response to occlusion of the common carotid arteries, to electrical stimulation of the aortic nerve, to change in the isolated carotid sinus pressure, or to hemorrhage. The effects of baroceptor reflex on SNA to both kidneys were almost the same, but there was some difference in the reflex time. It is concluded that the effects of baroceptor reflex on SNA to functionally different organs are quantitatively nonuniform.
splenic nerve activity; nonuniform distribution of sympathetic nerve activity; aortic nerve stimulation; hemorrhage IT IS KNOWN THAT the sympathetic nervous system plays an important role in baroceptor control of hemodynamics ( 10) . The discharge patterns of several sympathetic nerves have been compared under various conditions, but results are conflicting ( 1, 4, 7, 18 ). The sympathetic nerve activity (SNA) to the heart, kidney and other organs is inhibited by baroceptor inputs ( 1, 3, 4, 6, 12, 14, 18, 19) . The basic patterns of SNA in response to baroceptor inputs are very similar in the renal and cardiac nerves (4, 16, 18) . However, no statistical data are available on simultaneous records of sympathetic discharges to the heart, kidneys and other organs in response to baroceptor inputs. In the cardiovascular system, the spleen participates not only as a resistance vessel but also as a blood reservoir especially in the cat and dog (2, 8, 9) . Although oscillations in splenic volume and flow have been reported in the denervated preparation (Z), sympathetic nerve stimulation produced significant responses in flow and capacitance (8) . Baroceptor control of splenic volume through the sympathetic system has been reviewed ( lo), but no detailed analysis has been made on splenic nerve activity. The question (5) to be answered is whether the baroceptor reflex control really has the same effect on SNA to various organs, such as the spleen, heart and kidneys. A correct answer can be obtained only if SNA to these organs are measured simultaneously in a given experiment.
METHODS
Thirty-nine cats (2.1-4.2 kg) were used in this study. After the animal was anesthetized with sodium pentobarbital (30-40 mg/kg, ip), the trachea was intubated and the lungs were ventilated with intermittent positive pressure from a Harvard respiratory pump (model 606). Additional doses of sodium pentobarbital (5 mg/kg) were injected intravenously whenever necessary. Sympathetic nerve activity (SNA) was recorded from the left and right renal nerves, the splenic nerve, and the left and right inferior cardiac nerves. The renal nerve was separated from the renal plexus near the left renal artery in 36 cats and the right renal artery in 11 cats. Many of these fibers were found to be connected with the celiac ganglion. The splenic nerve was separated from the plexus surrounding a branch of the splenic artery near the caudal part of the spleen in 18 cats. The left inferior cardiac nerve was separated at a site located between the left stellate ganglion and heart in 19 cats. The right cardiac nerve was separated near the superior vena cava in three cats and its activities were recorded together with those of the left inferior cardiac nerve. Sympathetic discharges were recorded at the central cut ends of these nerves after removing the surrounding connective tissues under a dissecting microscope.
The methods employed in analyzing the original electroneurograms from these nerves were similar to those reported previously ( 13, 14) . The output signals of the simple integration method refer to SNA in this paper, and the calibration is expressed in microvolts (pv). The average SNA was obtained from 100 consecutive cardiac cycles by using a computer of average transients (Enhancetron, Nuclear Data, Inc.). Maximum positive dp/dt of the aortic pressure obtained by an analogcomputer was used as an external trigger signal for this device.
In all animals, aortic pressure was recorded near the aortic arch or the descending thoracic aorta using a heparinfilled polyethylene tube (PE-100, length 30-40 cm) inserted through the left femoral artery. The opposite end of this tube was attached to an electromanometer (MP-3, Nihon Koden).
Mean aortic pressure (MAP) and mean SNA were obtained by a RC integrator using a time constant of 1 sec. All data were displayed on a pen-recorder stripchart (Mul- Common, external, and internal carotid arteries were exposed bilaterally in four cats. All branches of the arteries were tied. T tubes were inserted into the right and left common carotid arteries, and then connected by rigid tubing to a pressure transducer and a pressure bottle. The whole system was filled with heparinized saline. After simultaneous occlusion of common carotid arteries and external carotid arteries, the mean pressure in the system including the bilateral carotid sinuses was changed by varying the pressure in the pressure bottle. Electrical stimulation of the left aortic nerve was made with bipolar Ag-AgCl electrodes.
RESULTS

Neurogram Pattern of Postganglionic Sympathetic Nerve to Spleen
In all 18 cats studied, grouped discharges synchronous with the cardiac cycle and its respiratory modulation were observed in the splenic nerve activity as well as in the renal and cardiac nerve activities (Fig. 1A) . In a given cardiac cycle, the discharge patterns varied for different nerves. Occasionally, grouped discharge was reduced to noise level in the splenic nerve while grouped discharge was seen in other nerves. When aortic pressure was increased, splenic, renal and cardiac nerve activity was completely inhibited (Fig.  1B) . At low aortic pressure grouped discharges synchronous with cardiac cycle tended to disappear (Fig. 1C) . Average SNA was recorded in the splenic, renal, and cardiac nerves simultaneously (Fig. 2) . As the absolute magnitude of peak SNA (pv) varied in the three nerves in a given experiment, to facilitate comparison, their respective peak SNA values were arbitrarily set at 100 % (lower tracings in Fig. 2 ). The shape of average SNA in a cardiac cycle was Delays of maximum of normalized nerve activity are indicated by ti , t2 , and t3. to: time of maximum positive dp/dt. slightly different in the three nerves. Peak SNA were observed at different times in a cardiac cycle for these three nerves. The time interval between the maximum positive dp,/dt of the aortic pulse pressure and the peak SNA in the same cardiac cycle was measured in 10 cats (Table  1 and Fig. 2 ). This interval was 292 zt 27 msec in the splenic nerve activity and was 199 =t 18 msec in the renal nerve activity. In this study, both the splenic and renal nerve activities were recorded near the effector organs. Therefore the effects of the baroceptor reflex on the spleen lagged 91 =t 12 msec behind that of the kidney. Baroceptor reflex delay on the left cardiac nerve was 164 + 3 1 msec. This delay time was shorter than the actual value, because we measured the nerve activity near the stellate ganglion instead of the heart. Baroceptor Reflex Efects on Sympathetic Nerve Activity to Spleen, Kidney, and Heart Efects of occlusion of descending aorta on SNA. In nine cats, SNA to the spleen, kidney, and heart were measured simultaneously before and during occlusion of the descending aorta. An example of the data is shown in Fig. 3 1 . Delay times of baroceptor reflex on sympathetic nerve: activity to spleen (SPNA), kidney (RNA), and heart (ICNA) noise level (below 3 pv) is defined as critical pressure for the baroceptor control of sympathetic nerve activity. Complete inhibition of SNA to the spleen, kidney, and heart occurred at different critical pressures when MAP was increased by occlusion of the descending aorta (Table  2 and Fig. 3 ). The mean critical pressure obtained in 10 experiments was 148 f 4, 167 f 6, and 173 f 4 mm Hg in the splenic, inferior cardiac, and renal nerves, respectively.
Difference in critical pressure values between the splenic and renal nerves was significant (P < 0.01). When MAP increased rapidly, the critical pressure tended to decrease in all three nerves.
Efeects of change in isolated carotid sinus pressure on SNA. The carotid sinuses were isolated bilaterally from the systemic circulation during the experiment in four cats. Changes in intracarotid sinus pressure were produced at various time courses (Fig. 4) . Wh en the rate of rise of the intracarotid sinus pressure was 6 mm Hg/sec, splenic nerve activity was inhibited at 152 mm Hg, but renal nerve activity was not inhibited until the pressure was increased to 178 mm Hg (Fig. 4A) . As the intracarotid sinus pressure increased more rapidly (e.g., 12 mm Hg/sec in Fig. 4B ), inhibition of SNA occurred at lower pressure levels (e.g., 113 nm Hg for SpNA and 125 mm Hg for RNA in Fig. 4B ). In the three other cats, the effects of carotid sinus baroceptor reflex on function of MAP (right graph in Fig. 3 ). With MAP ranging from 100 to 150 mm Hg, SNA in all three nerves decreased almost linearly with the rise in MAP. This inverse linear relationship was also observed in 9 other experiments. Absolute values of SNA and MAP varied among the different experiments.
In each experiment, the control values of SNA and MAP were arbitrarily set at 100%. The ratio of percentage difference in output (SNA) to percentage difference in input (MAP) provides an index of gain in the baroceptor-sympathetic systems. In 8 of 10 experiments, the gain of the baroceptor-splenic sympathetic system was greater than that of the baroceptor-renal and cardiac sympathetic systems ( Table  2 ). The means of gains were 2.7 (range 0.5-3.8),
3.2 (range 0.5-5.6), and 5.2 (range 3.4-9.1) in the baroceptor-renal, baroceptor-inferior cardiac, and baroceptor-splenic sympathetic systems, respectively. Difference in gain was significant (P < 0.01) between the splenic and renal sympathetic systems, but insignificant (P > 0.05) between the renal and inferior cardiac sympathetic systems. splenic nerve activity were also more dominant than those on renal nerve activity. When the intracarotid sinus pressure increased steeply, complete inhibition of splenic and renal nerve activities occurred almost simultaneously (Fig. 4C ). The analysis of high-speed data showed that the inhibition of splenic nerve activity lagged approximately 100 msec behind that of renal nerve activity.
Efects of electrical stimulation of the left aortic nerve on SNA. When the aortic nerves were cut bilaterally with the common carotid arteries occluded, the splenic nerve activity as well as the renal nerve activity increased above the initial value. In two cats, the increase in SNA due to opening these loops was more significant in the splenic nerve than in the renal ncrvc. In the same animals, the central cut ends of the left aortic nerve were stimulated by rectangular pulses (interval between pulses = 25 msec, pulse duration = 2 msec, and stimulus strength = 8 v) at systole in every cardiac cycle, and responses in splenic and renal nerve activities were compared (Fig. 5) . In Fig. 5A , when the stimulus frequency was 2 pulses/beat, SNA to the spleen and kidney were inhibited immediately after onset of stimulation, but within 10 set both recovered to a level below the initial value. As the stimulus frequency was increased to 5 pulses/beat, complete inhibition of splenic nerve activity was observed during the entire period of stimulation, but there was a considerable recovery of renal nerve activity. The means of normalized SNA computed from the SNA tracings for a period of 8-16 set after onset of stimulation were plotted as a function of stimulus frequency (Fig. 5B) . In both splenic and renal nerves, SNA decreased almost linearly with stimulus frequency.
However, the slope of the curve was approximately 1.5 times steeper for the splenic nerve than for that of the renal nerve. Complete inhibition of SNA occurred at lower stimulus frequency in the splenic nerve than in the renal nerve.
Ejects of hemorrhage and retransfusion on SNA. Aortic pressure was reduced by bleeding (5-20 ml) through a catheter inserted into the femoral artery in four cats. With acute hemorrhage, aortic pressure fell rapidly and induced an increase in SNA to the spleen, kidney, and heart (Fig. 6) . Following hemorrhage aortic pressure tended to recover, while SNA decreased slowly to a level higher than the initial value. The control SNA measured either in pv or cycles per second (cycles/set) differed in the three nerves and therefore the relative changes of mean SNA from the initial level were plotted against MAP (Fig. 6C) . In four cats, increase in normalized SNA for a given fall in MAP due to acute hemorrhage was 2.2 times (range 1.5-3.0) greater in the splenic nerve than in the renal nerve.
With retransfusion of blood or normal saline, MAP recovered to exceed the initial level. Accompanying this rise in pressure SNA in the splenic nerve was the first to be inhibited complctcly, while SNA in the renal nerve was the last to be inhibited completely among the three nerves studied. There was an anticlockwise relationship between MAP and mean SNA.
Baroceptor ReJllx E$ects on Sympathetic Nerve Actitity to Botft Kidneys or to Heart SNA to the right and left kidneys were recorded simultaneously in 11 cats and their responses to various stimuli were compared.
At control pressure levels there was no qualitative difference in discharge patterns between the two nerves ( Fig. 7A-I ), but discharge patterns tended to be dissimilar at low pressure levels ( Fig. 7A-2) . The shape and lag time of the average SNA obtained from 100 cardiac cycles were compared in 12 experiments ( Fig. 7B and Table 3 ). In 9 of 12 experiments, delay time of baroceptor reflexes was longer in the left renal nerve than in the right renal nerve. The difference in mean delay time was 19 f 5 msec (range from 0 to 50 msec), but the shape of the average SNA to both kidneys was almost the same at control pressure ( Fig. 7B-1) .
Response patterns to occlusion of the thoracic descending aorta, stimulation of the aortic nerve, and hemorrhage were similar in the two nerves. With administration of l-epinephrine, SNA to both kidneys decreased with similar time courses during elevation of aortic pressure (Fig. 8.4 inhibition of the right and left renal nerve activities was detected (Fig. 8B) in the timing and amount of SNA to the heart, kidney, and spleen could be observed in response to baroceptor reflexes. Timing of SNA was studied by measuring the time intervals between maximum positive dp/dt of pulse pressure and peak SNA for the three nerves. Since the peak SNA coincides with the onset of sympathetic inhibition, this interval can be employed as an index of baroceptor-sympathetic reflex delay. The delay of carotid sinus baroceptor reflex on the right cardiac nerves has been reported to be ZOO msec in the cat (6) . The reflex delay time is known to be partially dependent upon the length of the postganglionic fibers ( 11). In three cats, the nerve length between the celiac ganglion and recording site was measured after the animals were sacrificed, the length of the splenic nerve being invariably longer than that of the renal nerve. It can be concluded that the splenic and renal nerve discharges are not synchronized at the effector sites. Also, a slight difference in time delay was found even in the right and left renal nerve discharges.
This may be attributable to the difference in length of the respective renal nerve fibers.
Within the physiological pressure range an inverse linear relationship between carotid sinus pressure and renal sympathetic nerve activity has been demonstrated previously ( 12, 14) . In this study, linearity between MAP and SNA was also observed in three systems, but the range of linearity and the slope of the MAP-SNA curves varied for the three systems ( Table 2 ). The conclusion that there are quantitative differences in SNA response among the three systems for a given experiment was also confirmed through the observation of pressure increase in the carotid sinus and through the stimulation of the aortic nerve. These findings suggest that the spleen, kidney and heart are controlled by individual central neuronal pools. The inhibition of renal nerve activity induced by baroceptor reflexes was observed at pressures above 200 mm Hg (12, 14) where the carotid sinus and aortic nerve activities should have leveled off ( 13, 17). However, when all four major afferent nerves were intact, SNA reached the noise level at critical pressures of 148, 167, and 173 mm Hg for splenic, cardiac, and renal nerves, respectively ( Table  2 ). The fact that the critical pressure was lower than the leveling pressure of carotid sinus and aortic nerve activities sug-gests that the upper limit of the linear operating range of baroceptor control on SNA depends not upon the saturation of baroceptor activity but on other factors, e.g., central basal nervous activity. Renal nerve activity was found to depend on the additive interaction of central nervous activity and baroceptor inputs ( 19). The contribution of hypothalamic stimulation on SNA to the spleen, kidney, and heart has been previously shown to be nonuniform ( 15). Therefore, the possibility of the difference in central basal nervous activity and/or activities being derived .from higher centers (e.g., hypothalamus) cannot be ignored as one of the factors responsible for the difference in gain and critical pressure between the three baroceptor-sympathetic systems. The effects of anesthetic drugs on the baroceptor reflexes have been summarized previously ( i0). In the present study, large doses of sodium pentobarbital, when given additionally during the experiment, markedly decreased all three SNA below the initial levels. The large variation in critical pressure for the three nerves in the different animals ( Table 2 ) may partly be due to the different levels of anesthesia. The influence of sodium pentobarbital on the differ-
